The experiment was performed at the Experimental Farm of Agronomy Department , Faculty of Agric. Al-Azhar Univ. Naser City, Cairo, Egypt during the two following growing seasons 2016/2017 and 2017/2018. Eight parents of bread wheat (Triticum aestivum , L.) illustrate a wide range of diversity for some agronomic traits were selected for the study namely; Gemmiza 11, Giza 168, Sids 14, Masr 2, Sids 12, Sakha 95, Masr 1 and Sakha 94 were crossed at 2016/2017 growing season in one direction diallel cross . The genetic analysis (variance, combining ability, heterosis, and type of gene actions) of grain yield / plant and some related traits were evaluated at 2017/2018. Results indicated that variances of genotypes, parents and crosses were highly significant for all evaluated traits. The variances connected to general and specific combining abilities were established be highly significant for all evaluated traits, except number of kernels /spike for GCA .The estimates of GCA/SCA were less than unity recommended the greater amount of non-additive gene actions in determining the performance of all traits. The crosses (P 1 xP 2 ), (P 2 xP 6 ); (P 3 xP 5 ), (P 3 xP 6 ) and (P 5 xP 6 ) recorded greatest mean values for grain yield/plant.P6 and P8 were considered as the best general combiners for grain yield /plant . The best crosses for SCA and heterosis effect for grain yield / plant recorded for P 1 xP 2 , P 3 xP 8 and P 5 xP 6 where be revealed highly significant and positive SCA and high percent heterosis making them hybrid promising in breeding programs for crop improvement . Hayman and MorleyJones testing showed that the ratio of (H 1 /D) 1/2 is larger than one for all the studied traits, so over dominance is participating in the genetic of these traits .Estimates of percentage of negative and positive genes (H 2 /4H 1 ) in the parents ranged from 0.18 for plant height to 0.23 for number of kernels /spike and grain yield /plant hence, negative and positive alleles are consistent distributed in this traits. Heritability in broad-sense were high values detected for all the studied traits, indicated that these traits are more genetic, while narrow sense heritability were low for no. of spikes/plant, spike length and grain yield / plant , so the role of additive part is low. Significant differences were observe for additive ("a") effect for all the studied traits in Morley Jones method, Also , dominance ("b") part was significant for all the studied traits, appropriately these traits are controlled by both dominance and additive type of gene actions. As (b 2 ) and (b 3 ) were highly significant for all the studied traits, thus epistasis is participating in their genetics. As the part (b 1 ) was significant for all the evaluated traits, with the exception of plant height and 1000-kernel weight, so dominance genes were attributable to directional dominance. Significant (b 2 ) part for all traits showing imbalance of gene giving out for these traits. Significant (b 3 ) part for all traits showed residual dominance effect (b 3 ) outcome from additive × additive, additive × dominance and dominance × dominance interactions .
INTRODUCTION
Wheat (Triticum aestivum L.) is considered one of great important food crops in the greatest part of the world and in Egypt. Due to its high converting and various utilithation, high nutritive value, connected with high crop production it is used as major food for further one third of the globe population. It is one of the oldest domesticated grain crops and since then it has been the basic principal food of different human development of Europe, West Asia, and North Africa. As major food crop, wheat is fulfilling the calorie demands of growing population. It is only behind the pulses for the protein satisfied, (Kandhare, 2014) . Wheat breeding programs considered the major role in the g grow new high yielding varieties. Increasing wheat productivity as public goal could be accomplished across increasing productivity per unit area. Combining ability researches performed by breeders to choose parents with efficient remove valuable genes to the progenies (Madic et al., 2005) . For improvement in wheat yield, the study of the genetic structure and trend of combining ability is of great significance for the wheat scientist, knowledge of general and specific combining ability along with the method of gene action in the obtainable breeding material is very significant to start the successful, wheat breeding programme. Half diallel mating is an effective strategy to assess genotypes used as parents for combining ability effects in order to select acceptable, parents for developing recently developed cultivars Hayman (1954a, b) and Jinks (1954) . Successful breeding programs need to knew the type of gene action and genetic system controlling the inheritance of the interest traits and the best breeding strategy to be used to improve them. Diallel cross methods is acceptable, tool for recognition of crosses fusions that have the potentiality to build greatest improvement and discover higher lines among the progeny in advanced segregation generations. In this techniques, whole, genetic variation is parting into the variance effects of (GCA), as calculate of additive gene action and (SCA), as calculate of non-additive gene action. Through breeding programs, it is required to choice pure lines of high general combining ability (GCA) that demonstrate the additive gene effect. On the base of that predicting progenies and manufacture choice of cross combination and genotypes can be performed. Combining ability researches performed by breeders to select parents with structured removal valuable genes to the progenies (Madic et al., 2005) . Many investigators have studied the combining ability and genetic construction of bread wheat hybrid populations using half diallel mating procedure connected to yield and yield components. Several researchers like Khalifa et al. (1984) , Hendawy (1990) , El-Shal et al (2014) , Khaled and Abd El-dayem (2014) Samier and Ismail (2015) and Rahul and Kandalkar (2018) , showed that both additive and non-additive gene actions played an equal part in the inheritance of grain yield, number of spikes /plant, number of kernels /spike and 100-kernal weight. While, El-Hennawy (1992) , Darwish (1992) and Abd El-Mageed (1995) indicated that dominance and additive gene effects were significant for grain yield/plant, number of kernels/spike and 100-kernal weight. On the other hand, Mahmoud (1999) indicated that additive and non-additive gene effects were of great value rule, the genetic systems of grain yield and its components. The additive gene effect mainly influenced the inheritance of studied characters .Similar results were obtained by ElSayed et al. (2000) , Hamada and Tawfeleis (2001) ElSayed (2004) , Abdel-Nour, Nadya et al (2009 ), Moussa (2010 and El-Awady,Wafaa (2011) .
Significant and valuable heterotic effects were obtained for many traits by El-Beially and El-Sayed (2002) , Hamada and El-Beially (2003) , Eman, et al (2014) and Samier and Ismail( 2015) .
This investigation was performed to estimate the greatness of both GCA and SCA in addition to heterosis percentages and type of gene action for grain yield and some attributes in 28 wheat crosses produced from eight bread wheat genotypes utilized half diallel crosses.
MATERIALS AND METHODS
The investigation was performed at the Experimental Farm of Agronomy Department , Faculty of Agric. Al-Azhar Univ. Naser City, Cairo , Egypt during the two seasons of 2016/2017 and 2017/2018 . Eight local wheat cultivars namely Gemmiza 11 (P 1 ), Giza 168 (P 2 ), Sids 14 (P 3 ), Masr 2 (P 4 ), Sids 12 (P 5 ), Sakha 95 (P 6 ), Masr 1 (P 7 ) and Sakha 94 (P 8 ) of wheat (Triticum aestivum, L) were chosen to establish this study .Names and pedigree of the parental materials are present in Table ( A half diallel cross set involving eight genotypes of bread wheat parents were made in winter of 2016/2017 season. All possible plant amalgamations excluding reciprocals were hand crossed among these parents to produce 28 F 1 ,s cross seeds. In 2017/2018 season , the eight parents and the obtained 28 crosses ( 36 genotypes ) were grown for assessment in a randomized complete blocks design ( RCBD) with three replications .Each plot include of two rows of 4 meters in length spaced at 30 cm . Distance between plants to plant was kept at 10 cm.
Data were account on a random sample of 10 guarded plants for parents and F 1 hybrids in each plot were chosen to investigate the following traits i.e., days to heading , days to maturity, plant height (cm), number of spikes /plant, spike length (cm), number of spikelets /spike, number of kernels /spike, 1000-kernel weight (g) and grain yield /plant (g). Recommended agricultural practices for wheat were applied from sowing to harvest.
Analysis of variance achieved as maintained by Steel and Torrie (1980) .The obtained data were analyzed to determine general and specific combining abilities according to the technique of Griffing (1956) . Diallel cross technique designated as method 2 model 1 for the experiment. The percentages of heterosis as reported by Mather and Jinks (1971) 
] x 100
Appropriate LSD values were determined to know the significance of the heterotic percentages as stated by the following formula recommend by Wynne et al. (1970) 
Components of genetic variance and genetic parameters:
Morley Jones modification for diallel without reciprocal Mean squares for the whole diallel table was designated by Hayman (1954b) . Presume the absence of reciprocal contrast. Morley Jones (1965) imparted some alteration of Hayman's approach. In this alteration as Hayman, estimating of the sum of squares corresponding to additive effects (a), and on the presume of no epistasis to mean dominance (b 1 ), to farther dominance effects that can be descripted for genes own one allele present in only one line (b 2 ) and to residual dominance effects (b 3 ), is in essence a straight forward application of fitting constants by least squares.
After defined the validity of hypothesis that epistasis is absent, estimation of genetic variance parts along with allied genetic parameters, which were obtained by Hayman (1954b) .
RESULTS AND DISCUSSION

Analysis of variance:-
Data reported in Table ( 2) indicate that the mean square attributable to genotypes ,i.e. parents , parents vs . crosses, and crosses were highly significant for all the evaluated traits, excluding plant height and 1000-kernel weight for P.VS.C, indicating that these genotypes were genetically different for genes controlling yield and related traits. In this connection significant differences among wheat genotypes , for yield and related traits were also found by Sanjeev et al (2017) and Rahul and Kandalkar (2018) .
Analysis of variance in (Table 2 ) for combining ability, showed highly significant variance for both general (GCA) and specific combining abilities (SCA ) for all the evaluated traits excluding, number of kernels /spike for GCA .This showed that both type of gene effects were attached in the inheritance of the traits. However , SCA variances were higher than GCA for all the studied traits , indicating the prevalence of non-additive gene action in the genetic control of these traits , resulting in GCA/SCA ratios were under unity, revealing that the largest part of the whole genetic variance associated with non-additive group of gene action . Thus, selection in the late segregating generations could be successfully applied to improve these traits. Similar findings were reported by El-Hennawy (1996), Vanpariya et al., (2006) , Ezatollah et al (2013) . ElShal, et al (2014) , Jaydev et al (2017) and Rahul and Kandalkar (2018) . Mean performance, GCA and SCA effects :
The mean performance of the eight parents and their F 1 crosses are shown in Table ( 3 ) and revealed that the P 1 and P 5 gave the lowest value for days to heading and P 1 for days to maturity. The most promising genotypes were P 8 for plant height .P 3 and P 4 for No. of spikes /plant , P 3 , P 7 and P 8 for spike length .P 7 and p 8 had the highest number of spikelets /spike and number of kernels /spike . P 4 and P 5 recorded heaviest 1000-kernel weight and P 8 gave the greatest grain yield /plant . Table ( 3) show that wheat crosses P 1 x P 5 and P 1 x P 6 gave good levels of earliness for days to heading( 73 and 72.66 days ) and days to maturity( 119 and 122.33 days ) and P 2 x P 5 and P 2 x P 6 for days to maturity( 118 and 119 days ). In continuous the latest crosses P 4 x P 7 and P 4 x P 8 were the greatest ( 63.53 and 63.90) in number of kernels /spike .The cross P 4 x P 7 was the tallest in plant height and cross P 1 x P 2 was the highest in spike length(19.40 cm)and number of spikelets /spike(20.10). Whereas the maximum value of number of spikes/plant (6.80 ) obtained from P 3 x P 5 . Two crosses (P 1 x P 6 and P 1 x P 8 ) recorded heaviest 1000-kernel weight (55.93 and 54.20 g ). The highest number of kernels / spike recorded for cross P 1 x P 6 and P 7 x P 8 (71.34 and 66.42). The greatest grain yield /plant (17.06 and 16.63 g ) was obtained for the cross P 3 x P 5 and P 2 x P 6 .
Estimates of G.C.A effects of the parents for each evaluated traits are shone in Table (4) . Data showed that genotypes exhibited highly significant values for the most studied traits in all cases with either positive or negative significant values. The results also showed that P 1 (Gemmiza 11) and P 5 ( Sids 12 ) may be evaluate as good general combiners for developing early genotypes (days to heading and days to maturity ) and P 1 for 1000 -kernel weight, while, P 4 (Masr 2) gave positive GCA effects for plant tallness. On the other hand, P 1 (Gemmiza 11) and P 2 (Giza 168) for plant shortness.P 5 ( Sids 12 ) was good general combiner for number of spikes /plant. For spike length, number of spikelets / spike, number of kernels / spike, P 7 (Masr 1)expressed positive and significant general combining ability effects for these traits .It is worth to note that P 8 ( Sakha 94) was good combiners for grain yield/plant and three of its component traits . In bread wheat, parents having good general combining ability have been recorded by Ajmal et al., (2011) , Ankita et al., (2012) , Samier and Ismail (2015) and Jaydev et al (2017) .
Estimates of S.C.A effects in F1 crosses for each traits are shown in Table (5) . Results showed highly significant SCA effects values for all the evaluated traits. For days to heading, negative and highly significant or significant SCA effects were detected in six crosses(P 1 x P 5 ,P 1 x P 6 ,P 2 x P 6 ,P 3 x P 4 ,P 3 x P 8 and P 7 x P 8 ).Concerning days to maturity , twelve crosses (P 1 x P 5 ,P 1 x P 6 ,P 2 x P 5 ,P 2 x P 6 ,P 3 x P 4 , P 3 x P 6 ,P 3 x P 7 ,P 3 x P 8 ,P 4 x P 5 ,P 5 x P 7 ,P 6 x P 7 and P 7 x P 8 ) exhibited negative and significant SCA effects. For plant height, eleven crosses(P 1 x P 2 ,P 1 x P 3 ,P 2 x P 4 ,P 2 x P 6 ,P 2 x P 7 , P 3 x P 4 ,P 3 x P 5 ,P 3 x P 6 ,P 5 x P 8 ,P 6 x P 7 and P 6 x P 8 ) showed positive and significant SCA effects, while , thirteen crosses(P 1 x P 4 ,P 1 x P 5 ,P 1 x P 6 ,P 1 x P 8 , P 2 x P 3 , P 2 x P 5 , P 3 x P 8 ,P 4 x P 5 ,P 4 x P 6 ,P 4 x P 7 ,P 5 x P 6 , P 5 x P 7 and P 7 x P 8 ) exhibited negative and significant effects. As for number of spikes /plant fourteen crosses (P 1 x P 2 ,P 1 x P 5 ,P 2 x P 5 ,P 2 x P 6 , P 2 x P 7 , P 2 x P 8 , P 3 x P 4 ,P 3 x P 5 ,P 3 x P 6 ,P 4 x P 6 ,P 4 x P 7 , P 4 x P 8 , P 5 x P 6 and P 6 x P 8 ) revealed positive and highly significant SCA effects for this trait .Regarding spike length, twelve crosses (P 1 x P 2 ,P 1 x P 7 ,P 1 x P 8 ,P 2 x P 5 ,P 2 x P 6 , P 2 x P 8 ,P 3 x P 5 ,P 3 x P 6 ,P 4 x P 5 ,P 4 x P 6, P 4 x P 7 and P 5 x P 6 ) exhibited positive and highly significant SCA effects. With regard to number of spikelets/ spike, eleven crosses(P 1 x P 2 ,P 1 x P 6 ,P 1 x P 8 ,P 2 x P 5 ,P 2 x P 6 , P 2 x P 8 ,P 3 x P 4 ,P 3 x P 5 ,P 3 x P 6 ,P 3 x P 7 and P 4 x P 7 ) revealed positive and highly significant SCA effects for this trait .For number of kernels/ spike thirteen crosses crosses (P 1 x P 2 ,P 1 x P 3 ,P 1 x P 6 ,P 1 x P 7 , P 2 x P 6 , P 2 x P 8 , P 3 x P 5 ,P 3 x P 7 ,P 4 x P 7 ,P 4 x P 8 ,P 5 x P 6 , P 6 x P 7 and P 7 x P 8 exhibited positive and significant effects. As for 1000-kernel weight, ten crosses(P 1 x P 2 ,P 1 x P 6 ,P 1 x P 8 ,P 2 x P 5 , P 2 x P 6 , P 3 x P 5 , P 3 x P 7 ,P 4 x P 7 ,P 4 x P 8 ,P 5 x P 6 ,P 6 x P 7 and P 6 x P 8 )
were positive and significant effects. Furthermore for grain yield /plant, eleven crosses (P 1 x P 2 ,P 1 x P 6 ,P 1 x P 7 ,P 2 x P 6 ,P 3 x P 7 , P 3 x P 8 , P 4 x P 7 ,P 4 x P 8 ,P 5 x P 6 ,P 5 x P 7 and P 6 x P 8 ) recorded positive and significant SCA effects for this trait .It could be concluded that generally combining ability effects of the parental lines in general variant to the SCA effects of their particular crosses. 
Heterosis percentage:
Heterosis percentages calculated for each cross as shown in ( Table 6 ), parents vs. crosses variances as an evidence for average heterosis of overall crosses, were establish to be significant for all the evaluated traits, with the exception of plant height and 1000-kernel weight. The high positive and significant percentages of heterosis would be useful in most traits under investigation, however for days to heading , days to maturity and plant height , high negative percentage values would be interest from the breeders point of view. The negative values of days to maturity indicate that the hybrid is earlier than the earliest or mid parents.
However, three out of the 28 crosses were significantly earlier than their corresponding mid parents (P 1 x P 6 , P 3 x P 4 and P 3 x P 8 ) and two earlier than earliest parent(P 3 x P 4 and P 3 x P 8 ) . With respect to days to maturity, eleven crosses and for plant height, twelve crosses exhibited negative and significant heterotic effects relative to mid parents .
Regarding days to maturity and plant height nine and six crosses showed significant negative heterotic effects, comparative to better parents respectively. In this respect, negative and significant heterotic effects comparative to mid parent and or the better parent values were described by El-Beially and El-Sayed (2002), El-Beially (2003), Aida Rizkalla et al. (2012) Moreover positive and significant heterotic effects comparative to mid parents were recorded for spikes /plant (22 crosses) ,spike length (20 crosses), spikelets /spike (20 crosses), kernels /spike (24 crosses),1000-kernel weight (11 crosses )and grain yield /plant (23 crosses). Furthermore positive and significant heterotic effects comparative to better parent were recorded for spikes /plant (20 crosses) ,spike length (16crosses), spikelets /spike (16 crosses), kernels /spike (17 crosses),1000-kernel weight (9 crosses )and grain yield /plant (21 crosses). These results are in agreement with those found by Krishna and Ahmad, (1992) , Abdel-Majeed et al. (2004) , Nagwa Salem (2007), Aida Rizkalla et al. (2012) and Samier and Ismail (2015) Morley-Jones analysis of variance Morley-Jones mean squares for the studied traits in the eight parents diallel crosses (Table 7) . The model suggest by Morley-Jones (1965) believes the homozygous varieties taken as random from some base population about which the conclusion are to be drained. Therefore, his model is interested in variances and not the determinations of genetic components (Singh et al., 1990; Farshadfar et al., 2011b) . In this method the sum of squares corresponding to a, b 1 , b 2 and b 3 can be measured .
ANOVA in one direction-diallel cross will take the structure given in Table ( 7) . An important value of Morley-Jones ANOVA components is that it is free of the hypothesis whether maternal or reciprocal effects are ready or not and whether the parental lines are a fixed sample or a random sample of a population of inbred lines (MirandaFilho and Geraldi, 1984 and Farshadfar et al., 2011a) . Heterosis percentages over mid (M.D) and better( B.P) Component "a" signifies additive genetic variance in the obscurity of the b 2 part. If b 2 is significant, the "a" part will not measure additive but it will also be mixed with non-additive variance. The b 1 part measures the mean deviations of the F 1 , s from the mid-parental values and considered significant when the dominance effects at various loci are predominantly in one direction. Moreover, there is a directional dominance effect.
The significance of the b 2 part exhibited that the mean dominance deviation of the F 1 , s from their midparental values varied significantly over the F 1 arrays and these arrays vary if some parents include further dominant alleles than others, implying asymmetry of gene distribution (Hayman, 1954b; Farshadfar et al., 2011b) . That is, some parents include greatly dominant alleles than others.
The "b 3 " part tests residual dominance interaction consisted additive × additive, additive × dominance and dominance × dominance interactions that are not due to b 1 and b 2 and is distinct to each F 1 . The b 3 is similar to SCA variance (Singh and Narayanan, 1993 ). Significant differences were detected for additive ("a") effect for all the evaluated traits in Morley Jones method, Also , dominance ("b")part was significant for all traits (Table 7) accordingly these traits are due to both dominance and additive type of gene actions. As (b 2 ) and (b 3 ) were significant for all evaluated traits ,thus interallelic interaction (epistasis) is associated with in their genetics. As the part (b 1 ) was significant for all traits (Table 7) , so dominance effects were due to directional dominance. Significant (b 2 ) part for all traits showing variance of gene distribution for the traits.
Significant (b 3 ) part for all traits showed residual dominance effect (b 3 ) produced from additive × additive, additive × dominance and dominance × dominance interactions (Table 7) .
Hayman analysis
Components of variations H 1 and H 2 were significant for the traits which emphasize the being of dominance in the inheritance of all the traits (Table 8) , whereas part D was also significant for days to heading, days to maturity, plant height and spikelets /spike, thus simultaneous effect of dominant and additive gene actions associated for these traits .All (H 2 ) values were less than (H 1 ) values for all the studied traits , which observe with the theoretical assumption of Hyman (1954a ) and could be a further proof for the different proportion of negative and positive alleles in the parents at all loci for the traits, exhibiting different allele frequency.
The part, F was not significant in spite of that, positive for all traits indicating that the distribution of alleles in the parents is unbeknown. The ratio of (H 1 /D) 1/2 is considerable than one for all the studied traits, so, over dominance is associated in the genetic of these traits. The amount of genes with negative and positive effects in the parents were determined as (H 2 /4H 1 ). If negative and positive alleles are the same distributed this ratio equals 0.25. Determine of the proportion of negative and positive genes (H 2 /4H 1 ) in the parents ranged from 0.18 for plant height to 0.23 for kernels /spike and grain yield /plant (Table 6 ) thus, negative and positive alleles are equal distributed in these traits.
This definite that H 2 was not varied from H 1 in the traits. The variation detected between the genotypes for the studied traits discover that selection may be successful for the improvement of the traits , however selection effectual is connected the value of heritability (Table 8 ) . High estimate of heritability (greater than 0.5; Stansfield, 2005) for all the studied traits may be clearly for the involvement of little major genes in the government of inheritance of the traits.
